Abstract-The objective of this paper is to develop a technique for transcoding from MPEG-2 main profile to H.264 main profile and compare its performance with other transcoding architectures. The proposed transcoder reuses information from the MPEG-2 bit stream taking into account the improved approaches such as multiple block size motion estimation, in loop deblocking filter, intra directional prediction etc. adopted in H.264. The proposed method achieves low complexity, comparable quality and reduced bit rate in the transcoding process.
INTRODUCTION
MPEG-2 [1] , [2] has been a widely accepted video standard for various applications ranging from DVD to Digital TV Broadcast. A large variety of products based on the MPEG-2 standard are available in the market. The most important goal of MPEG-2 was to make the storage and transmission of digital AV material more efficient. The new H.264 AVC standard [3] - [5] has an even broader perspective to support high and low bit-rate multimedia applications on existing and future networks. The advantage in terms of better quality at a lower bit rate is why H.264 is fast replacing MPEG-2. However, the user end hardware such as set-top-boxes, DVD players had previously been adapted for MPEG-2 streams. This gives rise to a need for portability between MPEG-2 and H.264.
II. TRANSCODING ARCHITECTURES
The basic architecture for converting an MPEG-2 elementary stream into an H.264 elementary stream arises from complete decoding of the MPEG stream and then reencoding into an H.264 stream. However, this involves significant computational complexity [6] , [7] . Hence there also is a need to transcode at low complexity. Transcoding can in general be implemented in the spatial and/or in the transform domains. Several transcoding architectures have been proposed earlier, i.e., (i) open loop transform domain transcoding [7] , (ii) cascaded pixel domain architecture (CPDT) [6] , (iii) simplified DCT domain transcoders (SDDT) Fig. 1 . General block diagram of the transcoder processing for an I frame. [7] , and (iv) cascaded DCT domain transcoders (CDDT) [7] . Each of these has its own advantages and disadvantages. 
III. PROPOSED TRANSCODING ARCHITECTURE
The proposed transcoding from MPEG-2 bit stream to H.264 bit stream is categorized into I, P, and B frames.
A. Transcoding an Iframe
The general block diagram of the transcoder which would implement standard deviation based I frame decisions is shown in Fig. 1 . This proposed system essentially affects the H.264 encoder side.
Figs. 2a-2c show an I frame in the MPEG-2 stream, after transcoding and with complete decoding and re-encoding. As can be observed, the subjective quality of these frames is very close and comparable. B. Transcoding a Pframe
Motion vector from (16x16) macroblock in H.264 are used to follow the multiblock size motion estimation in H.264 (Fig.  3) . Transcoding results for P frame are shown in Table II and in Fig. 4 . 
IV. RESULTS
The results presented so far compared the proposed transcoding method with complete decoding and re-encoding of the input MPEG-2 bit stream. The two methods are very close and comparable in PSNR. However, a significant reduction in the execution time is achieved by the proposed method.
The test clips used are standard (352x240) CIF resolution test clips. They are encoded into MPEG-2 streams at a bit rate of 1 Mbps and with a GOP size of 12 and the IBBPBBP... GOP structure. These streams are transcoded to 1 Mbps H.264 streams with the same GOP structure and GOP size (Table IV) . As can be observed in Table IV , transcoding results in a reduction of about 2-4 dB in the PSNR of the input bit stream. However, perceptually this reduction is not significantly visible. 
V. CONCLUSIONS
To derive conclusions about the performance of the proposed method it is very important to compare it with other proposed methods for transcoding. Fig. 6 compares the proposed method (PM) with a DCT domain transcoder (DDT) [9] and with complete decoding and re-encoding (CDRE) of the MPEG-2 bit stream. The test is run on 30 frames of the test sequence Foreman at a bit rate of 1 Mbps and with a GOP structure of IBBPBBP... The DCT domain transcoder used is shown in Fig. 7 . The proposed method clearly performs better than the complete decoding and re-encoding. Also, both the proposed method and CDRE perform better than transcoding in DCT domain. In terms of complexity, the average encoding time for each frame type is given in Table V for all the three method. 
VI. FUTURE RESEARCH
The research presented in this paper is directed at low complexity, speed and comparable quality. As these targets have been achieved, the transcoder can be optimized for use in specific applications. For use in wireless environments, the major constraints would be adaptive network bandwidth usage, reduced spatial resolution and reduced frame rate. The proposed transcoder extracts the transform coefficients and auxiliary information and hence can be easily used to incorporate these requirements. Also, a strong error resilient rate control engine can be developed for the transcoder so that the bit rate of the transcoded stream can be varied as desired. Some scenarios require bit rate reduction transcoding techniques to accommodate changes in network bandwidth or variable bit rate transcoding for applications such as DVD recording.
